Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction and Literature Review
Tobacco consumption has been identified as a major cause of health problems in industrialized countries. Consequently, smoking has been placed under severe restrictions.
Even in Germany, one of last developed countries to consider such restrictions, smoking has recently been banned from public sector buildings and public transport, and a similar ban is discussed for bars and restaurants. But even if such policies successfully manage to reduce tobacco consumption, can they be viewed in isolation? In principle, restricting the access to tobacco may only encourage potential drug users to turn to other substances, notably the socially undisputed licit drug alcohol.
Using German micro data, this paper therefore asks whether tobacco and alcohol are complements or substitutes in consumption. If tobacco and alcohol were substitutes, an isolated policy measure aiming at a reduction of smoking would tend to increase the consumption of alcohol. If the two drugs were complements, though, a smoking ban could have a desirable side effect on the consumption of alcohol. Yet, answering this question is far from straightforward. The standard approach of estimating crossprice effects is typically precluded in micro data due to an insufficient variation of prices across observation units. To solve this problem, we suggest an alternative approach based on a structural model of quantities whose parameters are estimated via instrumental variables. Our results point at a complementary relation of tobacco and alcohol, thus promising positive side effects of smoking bans in the form of reduced alcohol consumption.
Our contribution adds to a growing literature on the joint consumption of legal drugs. The vast majority of econometric analyses addressing tobacco and alcohol is based on estimating demand functions and calculating cross-price effects from es-4 timated price and income coefficients. Jones (1989) , Florkowski and McNamara (1992) , Goel and Morey (1995) , Dee (1999) and Bask and Melkerson (2004) rely on aggregate data at regional or national level. Several other studies use survey data at the level of individual consumers; e.g. Jimenez and Labeaga (1994) , Decker and Schwartz (2000) , Cameron and Williams (2001) , Zhao and Harris (2004) , and Picone et al. (2004) . 1 Since prices are generally not consumer-specific such analyses typically have to rely solely on price-variation across periods and/or across regions, and therefore quite regularly exhibit serious difficulties in disentangling genuine price effects from time or regional effects. Irrespective of the level of aggregation and the country considered, most of these studies find negative cross-price effects and therefore conclude that alcohol and tobacco are complements.
As the only exception, Goel and Morey (1995) find positive and significant crossprice elasticities.
The remainder of paper is organized as follows. Section 2 discusses the econometric approach, section 3 introduces the data material, section 4 reports the empirical results, and section 5 derives conclusions for economic and health policy.
The Econometric Framework

A Structural Model of Complementarity
Our micro data comprise quantities consumed of tobacco and alcohol, and a range of of individual-level background variables. In Germany, the prices of tobacco and alcohol do not display any remarkable variation over time and across regions, and no variation 1 Chaloupka and Laixuthai (1997) , DiNardo and Lemieux (2001) , and Williams et al. (2001) address the interdependency of the consumption of alcohol and drugs others than tobacco, for instance, marijuana. Moreover, several related papers do not use prices as explanatory variables and are therefore concerned with correlation of drinking and smoking rather than interdependency, e.g. Su and Yen (2000) , Lee and Abdel-Ghany (2004) , and Yen (2005) . whatsoever at the level of individual consumers. In order to tackle this problem of insufficient price variation, our empirical analysis avoids relying on prices as explanatory variables. Instead of specifying a conventional demand system, the analysis is based on a structural, interdependent model of the consumption of both commodities. Using subscripts i and t to indicate individuals and survey periods, respectively, we express the demand for alcohol a it as a linear function of the consumption of tobacco c it and common explanatory variables x it as well as of alcohol-specific variables z ait . Correspondingly, there is a demand equation for tobacco which comprises the consumption of alcohol, the common explanatory variables, and some tobacco-specific variables z cit as explanatory variables:
Here ε ait and ε cit represent random error terms while time and regional effects, including those due to temporal and regional price variation, are accounted for by including sets of dummy variables in the vector x it . Similar structural models have been formulated by Dee (1999) and Bask and Melkerson (2004) . However, in contrast to the analysis presented here those analyses still critically rely on price data that serve as instrumental variables and they ultimately aim at estimating cross-price effects.
In structural equation (1) 
Identification using Instrumental Variables
Our approach to estimating the parameters of demand equations (1) and (2) is based on the idea that if -as in a controlled experiment -the consumption-level of one drug could be varied exogenously, the effect of this variation on the consumption of the other drug could be measured directly. However, such experimental data is not available to us. For our empirical application we have to use survey data instead.
Therefore, both a it and c it are themselves choice variables and estimates for γ a and γ c obtained from naively estimating (1) and (2) via OLS are severely biased. Nonetheless, the coefficients θ of the corresponding reduced-form representation
can be estimated consistently by OLS. The structural-form coefficients directly translate into reduced-form coefficients as follows:
The terms for θ c1 , θ c2 , θ c3 , and υ cit are defined analogously.
If z ait and z cit were empty, that is, if we had no instruments for alcohol and tobacco consumption respectively, estimates for θ would be of no value to our principal research 7 question. However, with valid instruments z ait and z cit in hand one can calculate any structural coefficients including γ from estimates for θ, since γ a = θ a3k θ c2k and γ c = θ c3k θ a2k
hold. 3 As a more efficient alternative, one can employ the classical two-stage least squares estimator. Evidently, this two-step approach still relies on valid instruments.
That is, to estimate the coefficients of the demand equation for alcohol (1) consistently, we need to find variables which affect the consumption of tobacco, but do not affect the consumption of alcohol through any other channel than through tobacco consumption.
Similarly, to estimate equation (2) consistently, we need to search for variables affecting alcohol consumption directly, and yet tobacco consumption only indirectly via the consumption of alcohol. In the quest for such instrumental variables we might succeed for one equation and fail for the other.
Indeed careful reasoning suggests that our data comprises variables which can be regarded as valid instruments both for our principal equation of interest, the demand for alcohol. Our reasoning exploits the close link between parental drinking and children's later consumption patterns. 4 For instance, Bantle and Haisken-DeNew (2002) find significant correlations between parental smoking behavior and children's tobacco consumption for Germany. In order to use parental consumption habits as instruments, we argue that the link is only direct for the same substance. Specifically, we presume that parents' smoking habits do influence children's later tobacco consumption, but conditional on children's later smoking behavior (and other observables), they will not have any effect on their drinking habits. Even though parents' tobacco consumption and children's later alcohol use might be correlated, the correlation purely operates through children's own smoking habits (and other observables).
When estimating our coefficient of primary interest γ a via instrumental variables, we have to acknowledge that this coefficient is not necessarily the same for all individuals. Rather, what we can identify if γ a is heterogenous -given the validity of our exclusion restrictions -are (local) average treatment effects (Imbens and Angrist, 1994) . That is, we estimate average patterns of complementarity for those respondents who would exhibit substantially different smoking and drinking habits if their parents had shown different behavior as well (Angrist and Krueger, 2001) .
One restriction allowing to generalize the estimated pattern of complementarity to the entire population is to assume homogenous effects. In the remainder of this paper, we focus on the interpretation of γ a in terms of such a structural model parameter,
keeping the less restrictive interpretation as a local average effect in mind.
Testing for Over-Identifying Restrictions
The validity of our exclusion restrictions is decisive for our empirical analysis. As a minimum we need to justify them, equation by equation, by a priori reasoning. It does not seem implausible that parental smoking behavior might arguably be irrelevant for own drinking habits, given own smoking behavior and parental drinking habits.
Fortunately, with respect to our identifying assumptions we do not have to rely on intuition alone but we have the opportunity of testing them since the vectors z ait and z cit each consist of more than one element, namely the consumption habits of both mothers and fathers. 5 Hence, the structural coefficients γ a and γ c are over-identified and one can apply tests for over-identifying restrictions. We apply three different test procedures. 
The Econometric Specification
If only strictly positive values for the consumption of alcohol and tobacco were observed, estimation by standard linear two-stage least squares would be straightforward.
Yet, many individuals do not drink or smoke at all and the consumption patterns of both alcohol and tobacco are therefore characterized in our data by large shares of corner solutions. To account for this in the econometric analysis, we suggest two different approaches.
First, we reformulate the equations (1) through (4) proposes an efficient full-information maximum-likelihood (FIML) approach, while Newey (1986) and Smith and Blundell (1986) suggest two-step approaches. 7
The results reported in this paper are based on a particularly simple instrumentalvariables procedure proposed by Greene (2002) that directly mirrors two-step least squares in the linear case, i.e. the reduced form equations (3) and (4) The Tobit approach to the model is quite restrictive, though. Besides normality, it assumes that the discrete outcome whether an individual drinks or does not drink at all is determined by exactly the same mechanism that determines the amount of alcohol consumed conditional on drinking. Analogous restrictions are imposed for the smoking equation. Moreover, the simple two-step Tobit estimator relies on the assumption that latent demand a * it and c * it rather than actual consumption a it and c it enters the right-hand side of the structural equations, although one might argue that actual consumption better corresponds with our experiment-like strategy for identification.
7 Hard-coded procedures for the FIML as well as the two-step approach are currently available in econometric software packages like Stata; see e.g. Winter-Ebmer (2006) for a recent application.
8 Cf. Rivers and Vuong (1988) for an equivalent problem in the case of the Probit model.
In order to relax these restrictive assumptions, we alternatively estimate the equations (1) and (2) as conditional on a it > 0 and c it > 0. 9 That is, the model explains the interdependence in consumption for those individuals that do both smoke and drink.
Yet, whether an individual actually is a smoker or a drinker is determined by a sepa- (Dow and Norton, 2003) . In our data we cannot identify any variable that may legitimately be excluded only from the continuous model. For this reason we prefer the two-part specification to the Heckit model, 10 though it is hard to defend consistency of this estimator unless one assumes uncorrelated errors (Jones, 2000) . In essence, we apply the standard linear two-stage least squares approach simply excluding non-smokers and non-drinkers from the sample. In the following we refer to this specification as the conditional linear model.
All previously suggested econometric specifications use two-step procedures for estimating the structural model equations. This requires some caution in calculating valid standard errors. Either an appropriate correction procedure, cf. Murphy and Topel (1985) , is required or bootstrapping, which encompasses both stages of the estimation procedure. We choose the latter strategy and report bootstrapped standard errors for the structural model parameters.
3 The Data
Data Sources
This analysis uses data from the "Population Survey on the Consumption of Psychoactive Substances in Germany" 11 collected by IFT 12 Munich; see Kraus and Augustin (2001) for a detailed description. The data originally comprises eight separate cross sections at the level of individual consumers, collected by mail at irregular intervals in the years 1980, 1986, 1990, 1992, 1995, 1997, 2000, and 2003 . The sample size varies significantly from 4,455 in 1992 to 21,632 in 1990. While the first two surveys concentrate solely on West Germany, the 1992 survey exclusively deals with the former East German GDR. All other waves cover Germany as a whole. Until 1992 only German citizens were interviewed, immigrants not holding the German citizenship were disregarded. Later on, the complete German speaking population was included in the survey, irrespective of citizenship. The data provides comprehensive information with respect to various legal as well as illicit drugs regarding prevalence, frequency and intensity of consumption, consumption habits and age at first use. Additionally, detailed information on socioeconomic characteristics is provided along with information on attitudes towards several drug-related issues.
Unfortunately, both the questionnaire and the study's target population have changed over time. The first wave focuses on teens and young adults aged 12 to 24. In 11 Bundesstudie "Repräsentativerhebung zum Gebrauch psychoaktiver Substanzen in Deutschland" 12 Institute for Therapy Research (Institut für Therapieforschung) 13 subsequent waves the upper age limit was successively raised up to 39 in 1990. Since 1995 the target population solely consists of adults aged 18 to 59. As a consequence, consumers' family background increasingly became a minor issue and therefore smoking as well as drinking habits at the parental home are not reported in waves after 1992. The recent waves therefore lack those instrumental variables that are decisive for our econometric model and, consequently, our analysis has to rely on data collected in 1980, 1986, 1990, and 1992 . We also do not consider individuals younger than 16
years for estimating the model. 
Variables
In our analysis, alcohol consumption is defined as grams of alcohol intake per day which is calculated from the reported glasses of beer, wine and spirits consumed per week. 14 The quantity of tobacco consumed is measured by the average number of smoked cigarettes per day. The variable takes the value zero if the individual answers to be an ex-or never smoker. Numerous consumers do report to be drinkers or smokers but do not report the amount of alcohol or nicotine consumed. In our sample, this applies to 20 percent of all drinkers and to 17 percent of all smokers. In the Tobit specification we do not exclude these observation from our analysis but let the probability to either drink or 
Estimation Results
Naively estimating equations (1) and (2) by the Tobit or the conditional linear model, ignoring the endogeneity of the right hand side variables c it and a it , respectively, indicates a strong positive correlation between the consumption of both tobacco and alcohol. The estimates for γ a as well as for γ c are highly significant and positive.
However, these results are certainly biased and do not tell us much about the structural interdependence of the consumption of both drugs. Thus, we now turn to the reduced-16 form results and to estimating the structural form via instrumental variables.
Reduced Form Results
The corresponding results for the reduced form equations (3) and (4) are presented in Note: ** significant at the 1%-level; * significant at the 5% level.
propensity to consume tobacco and alcohol for women compared to men. We also find a significantly positive (but diminishing) correlation with age. Moreover, results indicate a significantly negative correlation of the propensity to drink or smoke with having grown up with at least one parent compared to individuals having grown up with other persons. We further find that parental education has a significantly negative effect on the propensity to smoke. The number of children at parents' home as well as the parental marital status are significant only for the inclination to smoke. Except for the time effect on drinking and those for living in western Germany, the conditional linear model exhibits similar patterns of estimated coefficients. Yet, fewer coefficients are significant. Table 3 reports the results for the structural equations (1) and (2). For the control variables, the structural estimates by and large confirm the reduced form estimates.
Structural Model Results
Our discussion can therefore concentrate on the parameters of primary interest, γ a and γ c . Regarding the effect of smoking on alcohol consumption γ a , the estimate from the Tobit model is clearly significant while that from the conditional linear model is insignificant, albeit of the same sign and order of magnitude. The lack of significance might most likely be explained by the rather small subsample that is used for estimating the conditional linear model. According to the Tobit results, the estimates exhibit that smoking significantly increases the propensity to drink. Thus smoking and drinking are classified as complements in consumption. By contrast, the Tobit equation for smoking behavior suggests that drinking significantly decreases the propensity to smoke, which would indicate that drinking and smoking are substitutes.
We do now that the true parameters γ a and γ c need to bear the same sign, opposite to the sign of the Hicksian cross-price derivatives, which are necessarily symmetric. Notes: ** significant at the the 1% level; * significant at the the 5% level; bootstrapped standard errors reported.
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Thus this asymmetry in estimation results reveals that our identifying assumptions do not apply to both of our equations. In order to gain more insights, we turn to the tests on over-identifying restrictions. According to these tests, the exclusion restrictions are warranted in the equation for alcohol consumption (1). In contrast, for the smoking equation (2) all over-identification tests but one presented in Table 3 the reduction of drinking levels that will result from successful anti-smoking policies is likely to be rather moderate. But still, the estimate for γ a clearly argues against an unintended side-effect. That is, effective anti-smoking policies will not result in an increase of the consumption of alcohol, but rather tend to improve population health on several margins simultaneously.
Separate Models for Males and Females
Our analysis reveals pronounced gender-effects on the consumption of tobacco as well as the consumption of alcohol, see Tables 2 and 3 . In order to analyze whether gender does not only matter for the level of consumption but also for the interdependence in consumption, the model is estimated separately for males and females. Table 4 displays our preferred estimates for the structural coefficients γ; see Tables 7 to 10 Apparently, the power of these tests is considerably reduced by the smaller sample size.
Regarding the gender-specific variants of the Tobit specification for smoking, for both men and womenγ c is negative, yet -as in the pooled model -over-identification tests reject the identifying assumptions. In contrast,γ a takes positive values for both genders and our identification strategy is supported by the relevant test-statistics.
The main differences to the results from Notes: ** significant at the the 1% level; * significant at the the 5% level; bootstrapped standard errors reported.
malesγ a is of a substantially larger magnitude than in the pooled model, the parameter takes a much smaller value for females and even becomes insignificant. Therefore, the complementarity between smoking and drinking seems to be a predominately male phenomenon.
Conclusions
This paper proposes a new approach for analyzing the interdependence in the consumption of alcohol and tobacco and applies this idea to German survey data. We use an alternative measure of complementarity which -in qualitative terms -is shown to be equivalent to conventional Hicksian cross-price derivatives, yet it is not based on the estimation of cross-price effects. In fact, the proposed instrumental variable approach mimics an experimental study and therefore does not rely on high-quality price data which often may not be available. This makes it particularly well-suited to the German case where price variation for both goods is extremely limited. Moreover, the lack of price variation is a frequent obstacle to survey data-based analyses of consumer behavior irrespective of the specific goods under scrutiny. Instrumental variables approaches, similar to the one proposed here, might therefore serve as a promising modeling strategy for gathering evidence on interdependencies in consumption.
Our estimation results suggest that tobacco and alcohol are consumed as complements. This result rests on a positive effect from the consumption of tobacco to the consumption of alcohol that is found in the data using a Tobit specification for estimation. Less restrictive specifications of the model neither confirm nor challenge this finding but suffer from smaller number of observations. From a policy perspective, complementarity can be interpreted as follows: if the government could achieve a reduction in smoking or in the inclination to smoke by any anti-drug policy, this would also decrease the propensity to consume alcohol. Thus, there would be no unintended side-effects in form of an increased (ab)use of alcohol to compensate for the reduced level of nicotine intake. Even the reverse, i.e. a moderate reduction in the consumption of alcohol, seems to be the consequence. Yet, this result seems only to be relevant for males.
Appendix
A Equivalence of Measures of Complementarity
The measure of complementarity γ a that is used in this analysis is defined in terms of observed changes in consumption, i.e. in terms of Marshallian demand. It represents the derivative of the Marshallian demand for alcohol with respect to the exogenously given consumption of tobacco. This analogously applies to γ c . In micro-economic theory however complementarity is defined in terms of cross-price effects on Hicksian,
i.e. compensated, demand. Though Hicksian demand is an theoretical concept that cannot directly be observed, it allows for disentangling pure substitution effects from income effects. 19 In this appendix we show that the cross-price effect of increasing the price of tobacco on the Hicksian demand for alcohol has always the opposite sign of the effect resulting from increasing the consumption of tobacco on the Marshallian demand for alcohol. For this reason, in qualitative terms the measure of complementarity that is used in this analysis corresponds with the standard definition of complementarity.
To see this, we write the consumer's direct utility as U (a, c, w), where we denote by a, c, and w the amounts of consumed alcohol, tobacco and a compound good consisting of all other goods, respectively. For simplicity, any subscripts i and t denoting specific individuals and periods are skipped. The corresponding prices are p a , p c , and p w .
Hicksian demand for alcohol is written as a H (p a , p c , p w , U ), for some fixed utility level U . Accordingly, the restricted Marshallian demand for alcohol, if the consumption of tobacco c is given, is denoted by a M (p a , p c , p w , c, y) where y is income. We now state the following result:
Proposition: If U is strictly quasi-concave, and both the Marshallian and the Hicksian demand is characterized by interior solutions in a, c, and w, then
Proof: By definition a H (p a , p c , p w , U ) is the solution of min a,c,w
The first-order necessary conditions for the expenditure minimum are given by
where U a , U c , and U w are partial derivatives of U (·) and λ, with λ > 0, is the Langrange multiplier with respect to (6) and µ ≡ λ −1 . In order to obtain ∂a H /∂p c we differentiate the equation system (7) trough (9) and (6) totally with respect to p c to obtain:
where we have made use of (7) trough (9) in the last row of the matrix. Solving (10) we obtain for ∂a H /∂p c (we omit the expressions of the other effects being of no further interest here):
where the denominator D is given by
and is greater than zero by strict quasi-concavity and the resulting second-order condition of the consumer's expenditure minimization problem.
We now look at the restricted Marshallian demand a M (p a , p c , p w , c, y) which by definition is the solution of max
and c ≤ c. The Lagrange function is then given by L(a, c, w, µ, ν 
Assuming that the constraint c ≤ c holds with equality, the first-order necessary conditions for the utility maximum are given by
Differentiating (13), (14) and (12) with respect to c we obtain:
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Solving this system for ∂a M /∂c (again omitting the other expressions) we obtain:
where the denominator D = p 2 w U aa + p 2 a U ww − 2p a p w U aw is negative by strict quasiconcavity.
Finally, comparing (11) and (15) we obtain
establishing (5). Notes: Descriptive statistics for those 26, 516 observations that are included in at least one of the reduced form Tobit regressions; statistics are constructed for all variables prior to interacting with dummies indicating having grown up with the parent; reference-categories italicized. Note: ** significant at the 1%-level; * significant at the 5% level. Note: ** significant at the 1%-level; * significant at the 5% level. Notes: ** significant at the the 1% level; * significant at the the 5% level; bootstrapped standard errors reported. Notes: ** significant at the the 1% level; * significant at the the 5% level; bootstrapped standard errors reported.
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